The effects of the sucrose and calcium lactate concentrations on the osmotic dehydration kinetics of pineapple, and the diffusivity of each component were investigated. The color, water activity, texture and fruit composition were also evaluated. Osmotic dehydration was carried out using 40% and 50% sucrose solutions with added 0%, 2% or 4% calcium lactate for 1, 2, 4 and 6 h of processing time. In general, the gain in calcium was greater in samples submitted to solutions with higher sucrose and calcium lactate concentrations. The greatest calcium contents (%90 mg/100 g) were reached after 6 h of impregnation in both 40% and 50% sucrose solutions containing 4% calcium lactate. The addition of calcium to the osmotic solution reduced the water content of the product and solute incorporation rate, inhibiting sucrose impregnation and increasing process efficiency. The addition of 4% calcium lactate to the solution increased all diffusivities in comparison to the addition of 2% but not in relation to treatments with no added calcium. Calcium impregnation did not influence the color of the product or the value for stress at rupture, as compared to raw pineapple. The diffusion coefficients presented in this work permitted the selection of the appropriate sucrose and calcium concentrations and the calculation of the processing time to give the desired product composition.
Introduction
Pineapple is a popular fruit from tropical and subtropical regions, available throughout the year and widely consumed around the world. Brazil is the second largest producer of pineapples in the world (FAOSTAT, 2011) . Pineapple has a short shelf life, which increases postharvest losses. The industries produce different pineapple products (such as the minimally processed fruit and chips) aiming to facilitate consumption of the fruit and reduce losses. During the process, the nutritional quality of pineapple can fall, and for this reason alternative methods that minimize undesirable alterations in the product must be studied. Osmotic dehydration is a treatment that can be used to enhance the nutritional characteristics and add value to the final products.
Osmotic dehydration (OD) is a water removal process that can be employed to obtain minimally processed food with a longer shelf life and improved nutritional value. As a pretreatment to drying, OD can reduce the moisture content of a plant by approximately 50%, can also reduce aroma losses and enzymatic browning and increase sensory acceptance and the retention of nutrients (Ponting et al., 1996; Shi et al., 1999; Torreggiani and Bertolo, 2001; Pan et al., 2003; Lombard et al., 2008) . The osmotic treatment also allows for an increase in the nutritional value of fruits and vegetables due to the impregnation of minerals and vitamins into its porous structure (Fito et al., 2001) .
Osmotic dehydration reduces the moisture content of fruits and vegetables by immersing them in aqueous concentrated solutions containing one or more solutes (Sereno et al., 2001; Garcia et al., 2007) . Hypertonic solutions provide a high osmotic pressure that promotes the diffusion of water from the vegetable tissue into the solution and the diffusion of solutes from the osmotic solution into the tissue (Rastogi et al., 2002) . This mass transfer depends on some factors such as the geometry of the product, temperature, and the concentration and agitation of the solution.
The characteristics of the osmotic agent used, such as its molecular weight and ionic behavior, strongly affect dehydration, both water loss and solute gain. Moreover, the sensory and nutritive properties of the final product can be affected by the solute used http://dx.doi.org/10.1016/j.jfoodeng.2014.02.020 0260-8774/Ó 2014 Elsevier Ltd. All rights reserved.
in the osmotic process (Ramallo et al., 2004; Telis et al., 2004; Ferrari et al., 2010) . Saputra (2001) verified that sucrose provides a greater water loss and smaller solute gain when compared to glucose, in the case of pineapple samples submitted to osmotic dehydration. Cortellino et al. (2011) observed that the osmotic pretreatment in a sucrose solution protected the color of pineapple rings during drying.
The addition of calcium salts to osmotic solutions has been used to reduce the damage caused to the structure of the cell wall due to dehydration (Mastrantonio et al., 2005; Pereira et al., 2006; Heredia et al., 2007 and Ferrari et al., 2010) . However, the use of these salts in osmotic solutions can also increase the rate of water loss, reduce the water activity and increase the calcium content of the vegetables and fruits, resulting in fortified products (Heng et al., 1990; Rodrigues et al., 2003; Pereira et al., 2006; Heredia et al., 2007 and . The food industry has been encouraged to fortify its food with calcium to increase consumer calcium intake, preventing some diseases without the use of supplementation (Cerklewski, 2005; Martín-Diana et al., 2007) . Anino et al. (2006) , exploring the possibility of obtaining calcium enriched products, analyzed the tissue impregnation capacity of minimally processed apples in a solution containing 10.9% (w/w) glucose, 5266 ppm of calcium salt (a blend of calcium lactate and calcium gluconate), 1500 ppm potassium sorbate, and citric acid to correct of the pH to 3.5, with and without the application of vacuum. The process carried out without the application of vacuum was more efficient. The amount of calcium incorporated into the apple samples were 1300 ppm after 6 h and 3100 ppm after 22 h of processing without the application of vacuum. In the vacuum process, the impregnation ranged between 1150 and 2050 ppm.
Several trials on osmotic dehydration with the addition of calcium salts have been published lately, aiming to reduce the damage caused to the structure of the cell wall (Mastrantonio et al., 2005; Pereira et al., 2006; Heredia et al., 2007; Ferrari et al., 2010) . However, few have considered the kinetics and diffusivity of each component in the ternary solution (Antonio et al., 2008; Monnerat et al., 2010) or the calcium diffusivity (Barrera et al., 2009 (Barrera et al., , 2004 in the vegetable tissue. Knowledge of the kinetics and diffusivity of the components helps to understand the internal mass transfer that occurs during osmotic dehydration and to model the mechanism of the process (Singh et al., 2007) .
This study aims to investigate: -the effects of the sucrose and calcium lactate concentrations on the osmotic dehydration kinetics of pineapple, and the diffusivity of each component; -the influence of the sugar, calcium salt and time of osmotic dehydration on the color, water activity, texture and calcium content of the pineapple.
Materials and methods

Materials
Pineapples (Ananás comosus (L.) Merril) with a commercial degree of ripeness, soluble solids content between 13 and 14°Brix, weighing approximately 1.2 kg, were immersed in a solution of 0.1% sodium hypochlorite for 5 min, washed in running water, dried at room temperature and manually peeled. The tops and tails were discarded to reduce tissue variability. The pieces were sliced (1 ± 0.1 cm thick) and the slices cut into a truncated cone format with the aid of a metal mold. The water, sucrose and calcium contents of the fresh pineapples used in the experiments are presented in Table 1 .
The osmotic solutions were prepared using commercial sucrose (amorphous refined sugar) purchased at a local market; food grade calcium lactate pentahydrate in powder form obtained from PURAC Ò Synthesis -Brazil, and distilled water.
Procedures
Osmotic dehydration kinetics and diffusion coefficients
The pineapple slices were arranged in four nylon mesh baskets, with approximately 350 g of samples in each basket. The baskets were immersed in 20 kg of aqueous solution, continuously stirred using a 1.6 kw mechanical stirrer (Marconi, model MA-261 -Brazil) with a 10 cm diameter propeller and rotation at 1850 rpm. The temperature of the solution was maintained at 27°C and the syrup-to-fruit ratio was approximately 1:14 (1.4 kg of sample/20 kg of solution).
The aqueous solution concentrations studied were 40% and 50% sucrose (SUC), with and without the addition of 2 or 4% calcium lactate (LAC), each process being carried out for 1, 2, 4 and 6 h. At the end of each processing time, one basket was removed from the osmotic bath and the samples immersed in distilled water at room temperature for 10 s to remove the osmotic solution from the surface. They were then blotted with absorbing paper and weighed. The total solids, total and reducing sugars and calcium contents were analyzed before and after each treatment. The influence of the time and addition of sucrose and calcium lactate to the osmotic solution, on the mass transfer were compared. The equilibrium concentration of the water, sucrose and calcium was determined by soaking thin fruit slices (3 mm thickness) in a flask containing approximately 600 g osmotic solution. The solutions were maintained at 27°C with orbital agitation at 165 rpm and a syrup-to-fruit ratio of approximately 1:10. After 48 h, the flasks were removed, and the pieces drained, dipped in distilled water for 10 s and blotted with absorbent material. The samples were then prepared for the analysis of their water, sucrose and calcium contents.
Analytical methods
The water contents of the fresh and osmotically dehydrated samples were gravimetrically determined in triplicate by drying the samples in a vacuum oven at 60°C and 10 kPa to constant weight. The total and reducing sugar contents of the fresh and osmotically treated samples were determined in triplicate by the oxidation-reduction titration method (AOAC, 1970) . The calcium concentrations of the fresh and dehydrated samples were determined in duplicate using flame atomic absorption spectrometer (SpectrAA 50B of Varian -Mulgrave, Australia), according to adapted AOAC (1995) methodology. The water activity of the samples was measured in triplicate at 25°C in a hygrometer (AW SPRINT; NOVASINA, Switzerland). The color of the fresh and osmotically dehydrated fruits was evaluated (4 replicates) using a Colorflex spectrophotometer (HunterLab, USA) with version 4.10 of the Universal software. The response was expressed in the form of the parameters L Ã (lightness: 100 for white and 0 for black) and Chroma (C Ã ):
where a Ã (green-red) and b Ã (yellow-blue) are the color parameters. The texture of the fresh and osmotically dehydrated samples was determined by evaluating (10 replicates) stress at rupture in a Universal texturometer (TA-XT2i Texture Analyser, Stable Micro System, Surrey, UK.). The method used was to measure the force in compression at the moment of rupture. This uniaxial compression test was carried out at a compression speed of 5 mm/s and 60% sample deformation. The stress at failure was determined from the peak of the stress-strain curve (Pereira et al., 2006) .
Experimental design, mathematical models and statistical analysis
Aiming to evaluate the influence of the solution composition on water loss and solids gain, the mass balance was determined for each concentration and time of the osmotic treatment.
Thus the mass variation (DM) and water loss (DW) were calculated according to Eqs. (2) and (3), and sucrose gain (DG s ), calcium gain (DG Ca ) and efficiency (E f ) according to Eqs. (4)- (6).
where M 0 is the mass at the initial time (t = 0); M is the mass at time t; w w is the water content at time t; w s is the sucrose content at time t; w Ca is the calcium content at time t; and w 0 i = the content of the component i (water, sucrose or calcium) at the initial time (t = 0).The diffusion coefficients for the water, sucrose and calcium of the pineapple slices were determined according to Fick's Second Law, as applied to a plane sheet. The analytical solution, when integrated over the distance, resulted in the average concentration of the component i, w i ðtÞ, in the solid at time t (Crank, 1975) :
where i = water, sucrose or calcium; D ef i = effective diffusion coefficient of the component i; w i ðtÞ = the average fraction of component i at time t; w 0 i = the fraction of the component i at the initial time (t = 0); w eq i = the fraction of the component i at equilibrium; n is the number of the series; l, the thickness of the slab; and t the time. Eq. (7) was fitted to the experimental data using ''Prescribed'' software (Silva and Silva, 2008) . ''Prescribed'' software is used to study water diffusion processes with known experimental data. For each setting, the values for Chi-square were calculated:
where
is the average content (calcium, water or sucrose) measured at the experimental point i; w calc i is the corresponding calculated average content; N p is the number of experimental points; 1=r 2 i is the statistical weight referring to the point i.
To evaluate the influence of the sugar and calcium salt concentrations on the color, texture and water activity of the pineapples, the variability in the raw material used for the different tests was minimized by using a normalized content, defined as the ratio between the experimental measurements obtained from the osmotically treated sample and the corresponding fresh sample (Silva et al., 2011b) . The results were statistically evaluated using the analysis of variance (ANOVA), with the sources of variation being the sample type and the number of samples, the Tukey Test being applied at the 5% level of significance. Table 2 show the experimental data for mass variation (DM), water loss (DW), sucrose gain (DG s ), calcium gain (DG Ca ) and process efficiency (E f ), calculated according to Eqs. (2)- (6), obtained during the different times of osmotic dehydration for the pineapple slices.
Results
Figs. 1-4 and
A mass reduction of the samples with processing time was observed for all treatments (Fig. 1) , which is explained by the fact that the rates of water loss were greater than the rates of solute gain. This behavior occurs in preserved tissue because the selective permeability of the cell membranes allow for the transport of small molecules such as water, but restrict the transport of larger molecules such as sucrose, and hence reduce the diffusion of sucrose through the cell tissue. Fig. 2 shows the increase of water loss with time during the osmotic dehydration process, reaching a reduction of from 24% to 40% of the initial mass after 6 h of dehydration.
A comparison of the water losses of samples dehydrated in solutions with and without calcium, at the same sucrose concentration, shows that the addition of 4% calcium lactate significantly increased the water loss from the pineapple at all processing times. However, samples treated with 2% calcium lactate showed diverse behavior up to 2 and 4 h of dehydration, for the 40% and 50% sucrose solutions, respectively. The osmotic dehydration time and sucrose concentration caused greater sucrose incorporation in pineapple samples treated in solutions without the addition of calcium (Fig. 3) . The greatest sugar gain was found in samples dehydrated for 6 h in an aqueous solution containing 50% sucrose (treatment 4). The presence of calcium tends to restrict the gain in sucrose. The addition 2% salt to 50% sucrose solutions significantly reduced the gain in sucrose of the samples. The addition of 4% calcium lactate (treatment 6) also reduced sucrose impregnation of the samples when compared with treatment 4, but provided a greater gain in sucrose than the 2% salt concentration (treatment 5) after 2 h of processing. This suggests that long processing times and high solution concentrations could damage the tissue, making sucrose impregnation easier.
The influence of calcium on the restriction in the gain of sugar by the pineapple samples was also observed by Pereira et al. (2006) for guavas osmotically dehydrated in maltose solutions, but not for papaya in sucrose solutions, which was attributed by the authors to the specific tissue structure of each fruit. Mavroudis et al. (2012) observed that the solute gain in apples decreased with the addition of 0.6% calcium lactate to the solution, and attributed the result to a reduction in cell wall porosity. The limited transfer of sucrose into pineapple tissue could be attributed to the pectin and enzymes present in this fruit. The hydrolysis of pectin methyl esters by pectin-methylesterase (PME), an important enzyme in pineapple (Silva et al., 2011a and Silva et al., 2011b) , generates carboxyl groups that can interact with calcium (Guillemin et al., 2008) , promoting cross-linking of the pectin polymers that can reinforce the cell walls (Anino et al., 2006) . Since cuts and injuries to the tissue provoke the release of enzymes, calcium pectate could be formed around the cut surfaces, which, in turn, would act as a partial barrier to the diffusion of larger molecules such as sucrose into the tissue (Barrera et al., 2009; .
The gain in calcium increased with increases in the calcium lactate concentration or the sucrose concentration and with the processing time (Fig. 4) . According to FAO/WHO (1974) , the daily reference requirement for calcium consumption is 800 mg. In this study, samples with the highest calcium contents were obtained after 6 h of processing in osmotic treatment 3 (40%SUC + 4%LAC) and 6 (50%SUC + 4%LAC) (Fig. 5) . Under these conditions, the consumption of 100 g of the final product will provide an intake of approximately 90 mg of calcium, which corresponds to approximately 10%, of the daily calcium requirements.
The impregnation of calcium (922.29 ppm) observed in pineapple osmotically dehydrated for 6 h in a hypertonic solution (treatment 3, 40%SUC + 4%LAC) was compared to the atmospheric impregnation of calcium in apple tissue in an isotonic aqueous solution containing glucose (10.9%, w/w), a blend of calcium lactate and calcium gluconate, potassium sorbate and citric acid (Anino et al., 2006) . Considering 6 h of processing, the impregnation of calcium into the pineapple tissue was 29% lower than in apples after 6 h of processing (1300 ppm). The high porosity of fresh apple tissue probably favored a greater impregnation of calcium in these samples. According to Nieto et al. (2004) , fresh apples present a porosity of approximately 20%. Pineapples, on the other hand, present a porosity of approximately 11% (Yan et al., 2008) . However, the processes are quite different, i.e., osmotic dehydration in a hypertonic solution promotes more compositional changes than salt impregnation in an isotonic solution, making it difficult to compare the mass transfer efficiency. Moreover, acidification of the solution with citric acid could have promoted damage to the cell tissue increasing the transfer of calcium to the apple tissue. observed that the addition of ascorbic acid to the solution containing sucrose and calcium lactate significantly increased calcium impregnation in pineapple samples.
The addition of calcium lactate in binary solutions (40% and 50% SUC) showed a trend for enhancing process efficiency (Table 2) . Furthermore, the higher calcium concentration increased efficiency, except after 2 h of processing in the most concentrated solution (50% SUC + 4% LAC). During the six hours of processing, the efficiency of treatments with 2% LAC also tended to increase. However, treatments in solutions with 4% LAC showed diverse behavior, especially the afore-mentioned treatment. As pointed out by Anino et al. (2006) , calcium can exert two opposite effects on plant cells, one that reinforces the cell wall by the cross-linking of pectin polymers and another that causes severe internal disruption, probably because cell membranes are damaged as the process proceeds. Osmotic dehydration with the addition of calcium has been used in an attempt to increase firmness and enhance the selective effect of sucrose transfer, restricting the sugar gain and increasing water loss (Pereira et al., 2006; Ferrari et al., 2010; Mavroudis et al., 2012) , which is probably related to the cell wall effects pointed out by Anino et al. (2006) . Disruptive effects, to the contrary, diminish the selective behavior of the plant tissue. Probably the latter effect prevailed in the samples treated in the more concentrated solution (50% SUC + 4% LAC) during the period from 2 to 4 h of processing, but a gradual increase in pectin cross-linked networks could have improved tissue selectivity to sugar transfer during the last period (4-6 h).
Nevertheless a greater value for efficiency was observed after one hour of osmotic dehydration in the afore-mentioned solution (50%SUC + 4%LAC). This treatment improved the OD efficiency 3.8 times in comparison with the treatment without calcium lactate (treatment 4, Table 2 ). An intense water loss during osmotic dehydration has been reported by several researchers (Raoult-Wack, 1994; Kowalska and Lenart, 2001) . Mauro and Menegalli (2003) , studying water and sucrose diffusivities as a function of concentration in osmotically dehydrated potatoes, detected anomalous behavior near the treated surface, where higher water diffusion coefficients and lower sucrose coefficients were found. They attributed such behavior to the elastic contraction of the solid matrix, which, when immersed in a solution with a high solute concentration, would cause a greater exit of water than that originated by diffusion.
Efficiency depends on the tissue structure, which varies between different fruits. A comparison of the efficiency between osmotically dehydrated pineapple (Table 2 ) and melon (Ferrari et al., 2010) under the same conditions (2 h of processing with a 40%SUC + 2% LAC solution) showed a slightly higher value for pineapple than melon. For the above mentioned process conditions, the melon samples presented approximately 25% of water loss and 12% of solute gain, corresponding to an efficiency of approximately 2.08 (Eq. (6)).
The effective diffusion coefficients of water, sucrose and calcium for osmotically dehydrated pineapple are shown in Table 3 . The determination coefficients (R 2 ) show a reasonable fit for the experimental data to Eq (7), since the majority of the values were high. The data for the samples osmotically dehydrated in solutions 1, 3, 4 and 6 were previously determined by the same authors .
The effective water and sucrose diffusivities decreased with the addition of 2% calcium lactate, which can be related to the formation of calcium pectate. Nevertheless, when the calcium lactate concentration rose from 2% to 4%, a slight increase in the water diffusion coefficients was found, while the sucrose ones showed a greater increase of around 40% for 40%SUC + 4%LAC solution and 68% for 50%SUC + 4%LAC solution.
These increments suggest that the 4% calcium concentration promoted damage to the pineapple tissue structure, and hence the selective effect on sucrose transfer was diminished. Moreover, the calcium diffusion coefficients were also raised. Probably structural changes to the pineapple tissue caused this anomalous behavior, since in pure solutions diffusivity is expected to decrease as the concentration increases (Cussler, 1984) . Monnerat et al. (2010) also observed an increase in the water and sucrose diffusion coefficients in apples osmotically dehydrated in an aqueous solution of sucrose + sodium chloride, and attributed the result to injuries caused by the salt. However, 4% calcium still restricted sucrose transfer when compared to the treatments without this salt, despite the damage to the pineapple tissue caused by the high calcium concentration, which intensified in the 50% sucrose concentration solution. Table 4 shows the values obtained for water activity at each time of testing during osmotic dehydration.
At 95% of reliability, osmotic dehydration significantly reduced the water activity of the pineapple in the six treatments carried out, as compared to raw pineapple, although there were no statistically significant differences between the times of osmotic dehydration in the majority of the treatments (Table 4) . The concentration gradient between the fresh samples and the solution increased with increase in the solute concentration in the solution, favoring a faster fall in the water activity of the samples. (4) OD (50% SUC + 2% LAC) (5) OD (50% SUC + 4% LAC)(6) E f 1 2.02 ± 0.17 The addition of calcium to the osmotic solution did not significantly change the water activity of the pineapple samples, although a tendency for a w to reduce when the calcium lactate concentration was 4% could be seen. Table 5 ).In general the osmotically dehydrated pineapple samples showed lower values for luminosity than the fresh samples (values below 1.00), although the value for L Ã did not change much during osmotic dehydration or with the addition of calcium lactate to the solution.There was no significant difference between the values for chroma in the treatments with the same sucrose concentration. However, when all the treatments were compared, the values for C OD Ã /C 0* showed an increase with increasing sucrose concentration, despite the fact that such variations were only significant after four hours of processing. An increase in the concentration of sucrose in the solution results in a greater water loss, which may increase the pigment concentration in the tissue, and consequently enhance the chromaticity of the product. Other authors have observed the same result in apricot (Forni et al., 1997) , papaya (Rodrigues et al., 2003) , guava (Mastrantonio et al., 2005) and pumpkin (Silva et al., 2011b) .The results for stress at rupture of the fresh samples (r 0 ) and the normalized values for stress at rupture (r OD /r 0 ) for each time period tested during osmotic dehydration, are presented in Table 6 .
The relatively large standard deviations (Table 6 ) among the replicates in the analysis for hardness showed heterogeneity for the pineapple and a lack of uniformity in its internal structure, Table 4 Water activity (a w ) of the raw pineapple osmotically dehydrated samples and of the osmotic solution.
Time of osmotic dehydration (h) OD (40% SUC)(1) OD (40% SUC 2% LAC)(2) OD (40% SUC 4% LAC)(3) OD (50% SUC) (4) since the mechanical properties of the biological material are determined by its cell wall structure and constituents, which are affected by the degree of maturation and harvesting time, as well as by the processing conditions. Large standard deviations for hardness due to variability in the raw material were observed for guava (Pereira et al., 2004) , apple (Castelló et al., 2009) , melon (Ferrari et al., 2010) , grapefruit (Moraga et al., 2009 ) and pumpkin (Silva et al., 2011b ).Significant differences (p < 0.05) were not observed between treatments for the normalized stress values of the samples, nor in the majority of the values obtained during osmotic dehydration in relation to the fresh samples. However, a reduction in stress at rupture (r OD /r 0 < 1.00) was detected in fresh pineapple osmotically dehydrated in almost all the solutions containing 50%SUC and in the majority of the solutions with 40%SUC (Table 6) . The stress at rupture of samples osmotically dehydrated in solutions with 40% sucrose did not increase with the addition of calcium. As mentioned above, the calcium acts in two opposite forms, one which maintains the cell walls through cross-linking of the pectin polymers, and the other causing severe internal disruption of the cell membranes and a considerable reduction in firmness of tissue (Anino et al., 2006) . These authors observed softening of apple tissue after 6 h of calcium impregnation in an isotonic glucose solution. Despite the fact that calcium impregnation can favor the texture of sample tissues by forming calcium pectate, concentrations above 1.5% can also provide cell plasmolysis and increase the dissolution of pectin, reducing firmness of the product as reported by Castelló et al. (2009) and Ferrari et al. (2010) .
Similar results were not observed for samples osmotically treated in solutions containing 50% sucrose (with and without calcium). In general the samples were softer than those treated in 40% solutions (with and without calcium). The addition of calcium to the 50% solution resulted in samples with higher values for stress at rupture after two hours of processing. However, the calcium did not increase tissue firmness in comparison with fresh pineapple. On the other hand, the time of exposure to calcium ions seemed to enhance the firmness of the pineapple tissue osmotically dehydrated in a solution containing 50%SUC. Anino et al. (2006) reported that the cell membranes of apple were completely disrupted after 22 h of osmotic dehydration in an isotonic glucose solution with added calcium. However, from 6 to 22 h of treatment a slight increase in tissue resistance to compression was detected. Despite the fact that the presence of calcium reinforces the cell wall, 22 h of treatment were not enough to counteract the effect of the calcium on cell membrane integrity. Moreover, light microscopy microphotographs of these samples showed the presence of calcium between the cell wall and plasmalema, in the intercellular spaces and in the cytoplasm, after 6 h of processing. After 22 hs, the microphotographs showed evidence of severe internal disruption in the cell and a considerable reduction in firmness of the tissue.
Conclusions
The osmotic dehydration of pineapple in sucrose solutions with added calcium significantly increased the calcium content of the pineapple and reduced the incorporation of sugar in the fruit. Samples osmotically dehydrated for 6 h in a solution containing 4% calcium lactate presented the highest calcium content, such that the consumption of 100 g of this product would provide an intake of 10% of the daily requirement for calcium. However, after just 2 h of osmotic dehydration, the fruit already presented higher calcium contents with the advantage of lower sucrose contents in comparison with samples treated in a solution without calcium.
Sucrose and water diffusivity decreased with the addition of calcium to the osmotic solution. However, when the calcium concentration was increased from 2% to 4%, the diffusion coefficients of the water, sucrose and calcium increased, this anomalous behavior being related to structural changes in the tissue.
There was no significant difference in color between pineapples treated with and without the addition of calcium or during the osmotic treatment. However, the samples presented higher values for chroma when treated in 50% sucrose solutions.
The addition of calcium did not enhance the stress at rupture of the fresh pineapple, but improved the firmness of the samples dehydrated in 50% sucrose solutions. More detailed studies about the influence of high calcium concentrations on tissue microstructure are necessary to explain the changes in firmness of the product.
The diffusivities presented in this paper permit the selection of the appropriate concentrations of sucrose and calcium, and the calculation of the process time to obtain the desired product, for instance, a minimally processed product with a high calcium content and moderate sugar content. 
